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Program Goals 

• DEVELOP A GENERAL-PURPOSE FINITE ELEMENT PROGRAM FOR ANALYSIS OF 
SILICON SHEET GROWTH IN INCLINED CONFIGURATIONS. VERIFY ANALYSIS 
WITH EXPERIMENTAL DATA OF OTHERS. 

• USE PROGRAM TO STUDY PARAMETRIC SENSITIVITY OF VARIOUS GROWTH GEOMETRIES 
WITH RESPECT TO: 

# THERMAL CONTROL AND GROWTH RATE 

# DOPANT SEGREGATION 

# THERMAL STRESS 

# INTERFACE MORPHOLOGY AND INSTABILITY 

• UNDETERSTAND TRANSITIONS IN INTERFACE MORPHOLOGY AND RELATIONSHIP 
TO DOPANT SEGREGATION. 


Outline 

1. THERMAL -CAPILLARY MODELING OF MENISCUS-DEFINED 
PIBBON-GRCWTH 

2. Previous results for edge-defined film-fed growth 

3. Prototype model for inclined ribbon growth 
Calculations of nonlinear morphological structure 
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Prototype of Inclined Ribbon Growth 



Solution involves determining 

1. Temperature field in melt 

2. Pelt/crystal interface shape 

3. Telt/gas interface shape 
Crystal thickness 

Complete Analysis of Meniscus-Defined 
Growth System Required 


1. Solution of energy equations in all phases 
(melt, crystal, die) and accurate account 
of radiative heat transport to surroundings 

2. Determination of melt/solid interface shape 

3. Calculation of melt/gas interface shape to 
satisfy equation of hydrostatics. 

k , Calculation of sheet thickness to satisfy 
equilibrium growth angle, 

• Defines a very complex nonlinear free-boundary 
problem. Algorithm for solution has already 

BEEN DEVELOPED. 
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Strategy for Development of Analysis 

• COMPUTER-AIDED CALCULATIONS ARE BASED ON FINITE ELEMENT METHODS 
DEVELOPED FOR EFG SYSTEM IN COLLABORATION WITH RESEARCHERS AT 
MOBIL SOLAR ENERGY COMPANY. 

• THERMAL STRESS ANALYSIS ALSO BASED ON FINITE ELEMENT SOLUTION OF 
NONLINEAR EQUATIONS FOR ELASTOPLASTIC DEFORMATION COUPLED WITH 
THERMAL-CAPILLARY HEAT TRANSFER ANALYSIS. 

• COMPARISON WITH EXPERIMENTS WILL INTEGRATE HEAT TRANSFER BOUNDARY 
CONDITIONS APPROPRIATE FOR PARTICULAR GROWTH CONFIGURATION DIRECTLY 
INTO THE FINITE ELEMEN1 ANALYSIS. 
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